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13.5 A Zero-IF Singfe-Cfrip Transceiver for up to 22Mb/s 
QPSK 802.11b Wireless LAM 

Peter M. Stroet, Rishl Mohindra, Stetten Hahn, Axel Schuur, Emmanuel ftiou 

Philips Semiconductors, Sunnyvale, CA 

Until recently, a 2.45GHz wireless LAN transceiver used the 
super-hctcrodync architecture with an IF of a few 100MHz. This 
architecture often uses three external filters with accompanying 
matching networks, two cascaded power amplifiers, (partly) exter- 
nal VCOs and synthesizers, which occupy space and generate 
extra cost. This direct conversion architecture for 1EEE802.11D 
pushes the level of integration higher by using only one external 
front-end filter, one power amplifier, a base-band chip, one crystal, 
a battery and this chip. The block diagram is shown in Figure 
13.5.1. The chip is implemented in the Philips 0.5pm QUBiC3 
BiCMOS process with 34GHz peak fr and housed in an LQFP 48 
package. 

A differential LNA is used to reduce LO-RF feed-through and 
switching noise from digital circuits. The two LNA gain modes 
(Figure 13.5.2) use two differential pairs (transistor Ti, T2 for high 
gain and T3, T4 for low gain). Shunt feedback improves linearity 
and process variation immunity Capacitors Gb arc added to the 
buffer stage built around Tij and T12 to make it push-pull with 
better linearity. To improve IP2, make a level shift; and to set the 
transconductan.ee of the mixer in noise-free manner, capacitors 
are inserted. Only the I mixer half is drawn in Figure 13.5.2 
because the Q mixer is identical. The mixer is DC coupled to the 
active fifth-order opamp-RC Chebychev filter shown in Figure 
13.5.3. In Figure 13.5.4 the measured filter transfer function is 
shown. The filter tuning is by binary switching of unit capacitors 
in the filter capacitor banks. A tuner determines the optimum tun- 
ing bits t by measuring the RC time constant using a reference clock 
signal 11). The interface between mixer and filter is current-dri- 
ven. This can be done because the filter node impedance is kept 
low due to the combination of a large filter capacitor at the input 
stage and the high cut-off frequency of 7MHz. A pre-filter VGA can 
be omitted because switches Si to S3 (Figure 13.5.3), lower the 
gain for strong in-band signals 12]. The unity-gain frequency of the 
first filter opamp is about 1GHz to keep linearity for high fre- 
quencies and immunity for process spreads to the filter transfer 
function high. Simulated input-referred filter noise is 38nA and 
kept low by the high filter gain and large Filter capacitors. 
Measured DC offset at the output of the filter at maximum gain is 
about 60mV, which is low due to good matching and low LO-RF 
feed-through. An AC coupling succeeds the filter with a control- 
lable high-pass corner. The following variable-gain amplifier 
(VGA) has 40dB gain in 2dB steps and is connected to the second 
AC coupling and the driver circuit, which has two gain settings, 
ldB apart. The filter capacitors and resistors as well as the resis- 
tors in the VGA and driver within I and Q paths are interleaved to 
keep gain and phase mismatch low. The resulting residual side- 
band suppression is -32dB. At the input of the driver circuit, the 
signal is passed to a limiter and Received Signal Strength 
Indicator (RSSI) circuit, a third -order low-pass Bessel filter and an 
ADC to allow the state machine to determine the signal strength. 
Because of the QPSK signal not having a constant envelope, the 
RSSI level is difficult to estimate accurately. By taking both 1 and 
Q signals, using a higher-order low-overshoot RSSI low-pass filter 
and a reduced limiter/RSSI range (about 30dB), the signal 
strength can be determined more accurately Because of the 
reduced RSSI range, the settling has to be done in at least 3 steps. 
The measurement of the automatic signal settling for a sinusoidal 
input is depicted in Figure 13.5.5. After the AGC reset pulse, it 
takes 9us to determine the correct gain setting and additional 5ps 



to let the DC offset decay. To speed up DC settling after a gain 
change, a 10MHz, 1MHz, 100kHz and 10kHz high-pass corner 
point setting is sequentially used, with suitable time intervals. 

At maximum gain, the receiver noise figure is 5.4dB, the input IP3 
using 13 and 23MHz offset interfering tones is -4dBm and the 
input IP2 is -r44dBm for 21 and 23MHz offset tones. At -45dBm 
desired input signal level, an on-off keyed sinusoidal interfercr at 
25MHz offset from the desired signal can be made up to -6dBm 
with desired signal gain modulation <10%. The LO leakage at the 
input of the LNA is -74.5dBm. The receiver has 92dB voltage gain 
and draws 87mA current from a 3V supply. 

The l/Q base-band signal can be applied cither as an analog input 
current or as a digital I/Q bit-stream of 2xUMh/s. A power-ramp 
circuit with -lps ramp up/down time reduces the. spectral re- 
growth during transmit start and stop transients. In digital mode, 
four times over-sampling is used for on on-chip digital filter. 
Fourth-order time-continuous Buttcrworth interpolation filters 
reduce out-of-band spectral emissions. A VGA is merged with the 
pulse-shaping filters to cover an 8dB range in ldB steps. The suc- 
ceeding l/Q modulator with an 8dB gain step converts the base- 
band signal up directly to RF. A OdBm and a +5dBm driver deliv- 
er the transmit output. The +5dBm driver is differential, to reduce 
the ground-bounce which can pull the on-chip VCO. A base-band 
VGA can be made more linear and with a lower power consump- 
tion than one at RF. However, the LO suppression would also 
decrease for low-gain settings, lb guarantee sufficient LO sup- 
pression, a self-calibration loop is added, and is soon to be tested. 
It consists of a RF peak detector circuit, l/Q offset DACs at the 
input of the power ramping circuit and a state machine. Without 
calibration, LO suppression ranges from 29 to 34dB, depending on 
the gain setting. The transmitter uses 77mA for OdBm and 129mA 
for +5dBm. In the transmit output spectrum shown in Figure 
13.5.6, the ACPR is -56dB. 

A fully-on-chip VCO with guaranteed tuning range between 1.2 
and 1.25GHz is doubled to generate the 2.45GHz LO signal. A half 
LO frequency VCO is chosen to minimize VCO pulling by the 
transmit output stages while still maintaining a good tuning 
range with on-chip varicaps. The VCO phase noise after the dou- 
bler is -I07dRc/Hz at 1MHz offset. An off-chip loop filter is driven 
by the fractional-n synthesizer, which gets its reference from a 
44 MHz crystal oscillator. Two 2,5GHz RC phase shifters are 
placed close to the Rx and Tx mixers. 

The chip micrograph is shown in Figure 13.5.7. 
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Figure 13.5.1: Block diagram. Figure 13.5.3: Receive fitter (I channel only). 




Figure 13.5.2: LNAand receive mixer. 
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Figure 13.5.4: Receive filter transfer function measurement (line scale: 1MHz > 
$ 1dB/rJiv.). F'Qure 13.5.5: RSSI voltage, Rx output voltage and AGC reset pulse. J 
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' Figure 13.3.6: (a) Receiver in-band blocker rejection; (b) Receiver sensitivity at tiie presence of a two-lone blocker. 
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; Figure 13.3.7: Chip micrograph. 



Figure 13.4.7: Die micrograph. 
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Figure 13.5.6: Transmit output spectrum. 



Fig. 13.5.7: Chip micrograph. 




